1. Introduction {#sec1}
===============

Biological invasions are one of the main drivers for the loss of biodiversity. They have been linked with the extinctions about 60% of species during the last century ([@bib6]). They also seriously affect ecosystem services and economic growth ([@bib44]). Because of climate change and habitat fragmentation, the problem caused by biological invasions is expected to increase ([@bib4]; [@bib24]). Climate changes can facilitate introduction, establishment and spread of invasive species ([@bib11]; [@bib33]; [@bib41]; [@bib48]), and subsequently have a significant negative impact on the environment. For instance, some invasive species are shifting their geographic distribution towards high altitude as the climate warms ([@bib7]; [@bib43]), and new invasive species are adding to those currently being successfully controlled. Additionally, climate change stresses native ecosystems ([@bib7]; [@bib9]) and increases disturbances through climate extremes ([@bib11]), potentially provide new opportunities for establishment and spread on invasive species. Thus, it is crucial to examine the relationship between climate change and invasive species to design appropriate management strategies. Moreover, information is needed in order to design effective invasive species management that also accounts for climate change.

*Prosopis juliflora* was introduced in Africa for different purpose. For instance, it was first introduced in Sudan in 1917 with the aim to support combating desertification and provision of fuel-wood ([@bib23]). In the 1980s, this species was brought to Lake Baringo of Kenya to similarly help address the issue of fuel wood shortage ([@bib29]). Similarly, *P. juliflora* was introduced in Ethiopia in the late 1970s to combat desertification. Now, the species is listed among the world\'s ten worst invasive weeds ([@bib43]) and emerged as a significant threat to Africa\'s ecological landscapes ([@bib48]). Nationally, the species is one of the worst invasive species, threatening the environment in arid and semi-arid ecosystem of Africa, and affect the livelihood of pastoral and agro-pastoral society ([@bib5]; [@bib29]; [@bib37]; [@bib50]). Recent studies showed that rate of *P. juliflora* invasion is increasing significantly, suppressing native plant species ([@bib3]; [@bib19]; [@bib39], [@bib40]). *P. juliflora* creates a favorable environment for mosquito breeding, blocks access to key grazing and watering points and offers shelter for lions (*Panthera leo*) and other wild predators ([@bib30]). In Ethiopia, pastoralists named it the "Devil Tree" and the "AIDS" for livestock. Despite its negative impact, efforts made to control expansion of this invasive alien species in Africa have not been successful.

The total area covered by *P. juliflora* in Afar Region was estimated to be about 1.17million ha and the rate of invasion has been increased at annual rates of 31,127 ha ([@bib41]). This invasive species has covered more than 12,000 ha in Dire Dawa City Administration ([@bib12]; [@bib18]). Furthermore, most of the grass and bush lands in the lowland areas of Oromia Regional State have been invaded by this invasive alien species ([@bib12]). Studies also showed that *P. juliflora* has already threatened not only rangeland but also agricultural land and other vegetation types in arid and semi-arid ecosystems in several other parts of Ethiopia ([@bib15]; [@bib31]; [@bib38]). The recent expansion of *P. juliflora* to protected areas were also very high for instance Awash National Parks and Allaidege Wildlife Reserves and has become a national and international concern as biodiversity in these protected areas (both plants and animals) have been negatively affected ([@bib30]). Climate change profoundly influences the geographic distribution of *P. juliflora* ([@bib22]; [@bib38], [@bib41]). In Ethiopia, temperature has increased by 0.37 °C per decade since 1990s ([@bib51]) and predicted to increase between 0.9 to 1.1 °C by 2030, 1.7--2.1 °C by 2050 and 2.7--3.4 °C by 2080 compared to the 1961--1990 average ([@bib8]). Annual precipitation is also expected to increase in many parts of eastern Africa including Ethiopia ([@bib45]). Climate change may provide an opportunity for establishment and geographical spread of *P. juliflora* and reduce habitat range for native species. Thus, the risk of invasion might be very high given the current rate of national climate warming. Given the negative impacts of the species on the environment, economy, and society, it is crucial knowing the relationships between climate change and invasion of *P. juliflora* for early detection, and successful management of the species ([@bib4]).

Species distribution model is a useful tool for simulating the spatial distributions of species and provide an opportunity for early detection before they become widespread in new areas. Ecological niche modeling (ENM) of species distribution model is now widely used to computerize algorithms to predict the distributions of a species across a geographical space and time, based on observed distributions of a species as a function of environmental conditions ([@bib2]). Several studies in Ethiopia have focused on its impacts on land use, land cover and livelihoods ([@bib5]; [@bib41]; [@bib50]), spatial coverage in small geographical area in particular in Afar Regional State ([@bib39], [@bib40]; [@bib48]), and biodiversity loss ([@bib30]; [@bib39], [@bib40]; [@bib50]) in small geographical area in particular in Afar Regional State. However, a dearth of information on spatial distribution at national scale in Ethiopia and the relations between *P. juliflora* expansion and climate change dynamics as projected have been explored at a national level, in spite of the fact that this invasive plant species is rapidly expanding at the rate of 31,127 ha annually in Afar Regional State ([@bib41]) and causing biodiversity loss ([@bib39], [@bib40]; [@bib48]; [@bib49]).

Our understanding of future trends in distribution of *P. juliflora* in Ethiopia is limited This study aimed at filling this national gap to positively influence decision making processes for control and proper management of the species. In this regard, we examined the current and future spatial distribution and climatic suitability for *P. juliflora* establishment and potential invasion dynamics at national level under climate change. Our specific objectives were to (a) assess the relative importance of environmental variables for *P. juliflora* establishment and invasion; (b) map the current and future habitat suitability for *P. juliflora* under different projections of climate and land use change; and (c) assess habitat change for the future habitat suitability projections for *P. juliflora* in Ethiopia. Defining climatic suitability for *P. juliflora* at national level is critical for early detection and support the national ongoing invasive species control and management strategies.

2. Materials and methods {#sec2}
========================

2.1. Study area {#sec2.1}
---------------

Ethiopia is located in the Horn of Africa within 3--15°N and 33--48°E (please see SI-Informations.doc SI-Figure 1), bordered with Kenya to the south, Somalia to the south and east, Djibouti to the east, Eritrea to the north and Sudan to the north west and South Sudan to the west. The country covers about 1.14 million km^2^, which is characterized high and rugged plateaus and the peripheral arid and semi-arid lowlands. The elevations of the country range from 126 m below the sea level in the Danakil Depression to 4620 m above the sea level on Mount Ras Dashen ([@bib10]).

*2.2*. *P. juliflora* occurrence data {#sec2.2}
-------------------------------------

*Prosopis juliflora* presences records used to conduct ecological niche modeling were obtained from a number of sources. Occurrence points were also retrieved from the Global Biodiversity Information Facility (GBIF; [www.gbif.org/](http://www.gbif.org/){#intref0010} accessed April 10 2020), reports ([@bib15]) and recent studies ([@bib31]; [@bib38]; [@bib48]; [@bib50]). All points were mapped using ArcGIS 10.8 for visual observation and check spatial accuracy. Duplicate records were checked and removed. A total of 662 presence records were used to build the models. Again, 500 pseudo-absence points were generated by means of random sampling. To avoid the influence of false absences, we checked and removed points that were closer than 10 km to species presence point following the method of [@bib13].

2.3. Environmental predictors {#sec2.3}
-----------------------------

A total of 19 bioclimatic variables at 30-arc-sec resolution were obtained from WorldClim version 2 (<http://worldclim.org/version2>, accessed on April 3 2020). For future projections, we used an improved fifth version of the atmosphere-ocean General Circulation Model (GCM), from the Model for Interdisciplinary Research on Climate (MIROC), downloadable from the Worldclim website. MIROC5, which was used for the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (AR5), is an important tool that significantly improved the descriptions of climatological features for better performance of climate change simulations. Currently, it is not clear which future climate change scenario provides the best predictions for invasive species ([@bib20]), thus we used two Representative Concentration Pathways RCP4.5 and RCP8.5 for the greenhouse gas concentration trajectories of 2050 and 2070. RCP 4.5 represents a stabilization scenario while RCP8.5 represents a worst case scenario and provides very high greenhouse gas emissions, atmospheric concentrations, air pollutant emissions and land use changes. Thus, we used both RCP4.5 and RCP8.5 climate change scenario in our analysis.

Bioclimatic variables that met three criteria were selected ([@bib35]): those that (1) are statistically important in predicting *P. juliflora* presence data, (2) are biologically important for establishment and invasion of *P. juliflora*, and (3) do not display collinearity with other bioclimatic variables. We used Variance Inflation Factors (VIF) to detect collinearity among predictors, to minimize redundancy among the initial variable set. Using a stepwise procedure, we excluded all variables with VIF values larger than 3. Accordingly, three precipitation-related variables and three temperature-related variables, totaling six bioclimatic variables were used to build the final model in R statistical software (please see SI-Informations.doc SI-Table 1). Additionally, land cover was used to create distribution models for *P. juliflora*.

2.4. Species distribution modeling {#sec2.4}
----------------------------------

Several algorithms are available to conduct ecological niche modeling and their prediction performances are different ([@bib14]). A single algorithm does not give the best predictive accuracy in SDM, therefore an ensemble of multiple algorithms is recommended to produce better accuracy ([@bib2]). Our species distribution modelling approach was thus based on five modelling algorithms analyzed under the SDM package in R statistical software: (1) Generalized Linear Model (GLM), (2) Support Vector Machine (SVM), (3) a random forest algorithm (RF), (4) boosted regression trees (BRT), and (5) Multivariate Adaptive Regression Splines (MARS). We merged five prediction models into an "ensemble" by averaging the models with a true skill statistic (TSS) higher than 0.75 to get a "consensus model" and to avoid the integration of weak models ([@bib1]). Since predictions of invasive species distributions can vary widely among modeling approaches, the consensus methods was used to reduce the predictive uncertainty of single-models. In this regard, ensemble forecasting can enable a more robust model and overcome the uncertainties derived from each individual model ([@bib2]). The presence and pseudo-absence data were divided into two sets: 70% of the data were used for training the models while 30% were used for evaluating the model accuracy ([@bib2]). Finally, the areas of suitability changes for the year 2050 and 2070 were analyzed under four categories to identify the areas of no suitable, low suitable, moderate suitable and high suitable using ArcGIS 10.8.

2.5. Model performance evaluation {#sec2.5}
---------------------------------

The overall performance of the model was assessed based on the threshold-independent area under the receiver operating characteristic curve (AUC) ([@bib28]) and the threshold-dependent true skill statistic (TSS) ([@bib1]). The AUC values ranges between 0 and 1, whereas values of \>0.9 are considered to be high performance, 0.7 to 0.9 moderate, 0.5 to 0.7 low and \<0.5 no better than random ([@bib32]). The values of TSS indicators range from -1 to 1, where below 0 indicates bad and 1 high model performance. Models with a performance of \<0.5 were discarded based on [@bib1]. Model performance was considered as 'good' only if both measures (AUC and TSS) were fulfilled. All analyses were conducted using the SDM package for R statistical software v.3.6.3 ([@bib34]).

2.6. Change assessment {#sec2.6}
----------------------

We assessed changes in suitable habitat between current and future (2050 and 2070) climate conditions in both RCP4.5 and RCP8.5 climate change scenario, mainly by identifying climate suitability (areas where suitable habitat was predicted in the present and future) and gain or loss assessment. The areas of suitability changes for the current and future (2050 and 2070) were analyzed under four categories to identify the areas of no suitable, low suitable, moderate suitable and high suitable using ArcGIS 10.8. We used two indicators to examine the role of climate change on the invasion of *P. juliflora*: (1) the change in the percentage of non suitable area (AC); (2) the percentage lost or gain areas by the 2050 and 2070 (CH). Indicators were calculated as:$$AC = \frac{Af - Ac}{Ac}x100\%$$$$CH = \frac{Af - Ac}{Af}x100\%$$where Af is the predicted area of suitable habitat for *P. juliflora* in the future; and Ac is the predicted area of non suitable habitat under current conditions.

3. Results {#sec3}
==========

3.1. Species distribution models of *P. juliflora* {#sec3.1}
--------------------------------------------------

Based on the AUC and TSS assessments, the predictive performances of the models were very good (please see SI-Informations.doc SI-Figure 2). The mean AUC values of the five models ranged from 0.87 (lowest) from BRT to 0.96 (highest) from GLM with an overall average of 0.92. The mean TSS values of the models were 0.88. Among the five SDM models, RF and SVM received the highest (0.95) and the lowest (0.91) sensitivity, respectively.

The relative contribution of each predictor variables to individual models were analyzed ([Figure 1](#fig1){ref-type="fig"}). Of all the predictors\' variables, mean temperature of driest quarter (bio9) was found to be the most contributing variable affecting the distribution of *P. juliflora*, followed by diurnal range (bio2) and annual mean temperature (bio1) by explaining 24.5%, 14.6%, and 14.1% of the variation in the model, respectively ([Figure 1](#fig1){ref-type="fig"}). The contribution of land covers was 3.7%.Figure 1The mean relative importance of predictor variable (bio1 = annual mean temperature, bio2 = diurnal range, bio9 = mean temperature of driest quarter, bio12 = annual precipitation, bio14 = precipitation of driest month, bio15 = precipitation seasonality, LC = Land cover).Figure 1

3.2. Current predicted *P. juliflora* distributions {#sec3.2}
---------------------------------------------------

The predicted model showed that 94.8% of the country is non suitable for *P. juliflora* under the current climatic conditions while 0.4% is highly suitable ([Table 1](#tbl1){ref-type="table"}). We find that additional 3.2% and 1.6% of Ethiopia has a low and moderate suitability for *P. juliflora*, respectively.Table 1Percentage of current and future (2050 and 2070) climatic suitability class for *P. juliflora* in Africa under RCP4.5 and RCP8.5 climate change scenario.Table 1DecadesScenariosTotal suitability (%)Not suitableLowModerateHighCurrent-94.83.21.60.42050RCP4.592.64.12.40.9RCP8.590.95.22.81.12070RCP4.589.65.63.31.5RCP8.588.65.73.72

*P. juliflora* has a geographically narrow distribution in the country under the current climatic condition covering significant parts of Afar Region and adjacent Amhara, Oromia and Tigray Regions. Its distribution is especially widespread within the north eastern part of the country but also extends to east including Dire Dawa city Administration and Somali Region ([Figure 2](#fig2){ref-type="fig"}).Figure 2Habitat suitability for *P. juliflora* under current climatic conditions. Blue to red colors shows the gradient of suitability from low to high.Figure 2

3.3. Future predicted *P. juliflora* distributions {#sec3.3}
--------------------------------------------------

Compared to the current distribution, by 2050, the total area of highly suitable area for *P. juliflora* under RCP4.5 and RCP8.5 will gradually increase to 0.9% and 1.1%, respectively. The total area of the unsuitability for *P. juliflora* will decrease by 2.4% and 4.3% under RCP4.5 and RCP8.5, respectively, whereas high suitability for the species will increase by 55.6% and 63.6% respectively ([Table 2](#tbl2){ref-type="table"}). Under similar scenario RCP4.5 and RCP8.5 in 2050s, the total moderate suitable area is projected to increase to 33.3% and 49.9% under RCP4.5 and RCP8.5 scenario, respectively. Overall, areas considered with low suitability in the country will increase to 21.9% and 35.5% under RCP4.5 and RCP8.5 scenarios. Compared to the current climatic condition, in 2070, highly suitable climate for the species is projected to increase by 73.3% and 80.0% under RCP4.5 and RCP8.5 scenario, respectively. Moreover, moderately suitable area will increase by 51.5% and 56.8% under RCP4.5 and RCP8.5 climate scenario in 2070, respectively. In the same period, the total non suitable area for *P. juliflora* under RCP4.5 and RCP8.5 scenario is expected to decrease by 5.8% and 7.0%, respectively ([Table 2](#tbl2){ref-type="table"}).Table 2Percentage of change (gain or loss) of suitability for *P. juliflora* under current and future (2050 and 2070) climate change in Ethiopia under RCP4.5 and RCP8.5 climate change scenario.Table 2DecadesScenariosChange (%) compared to the current suitabilityNot suitableLowModerateHighCurrent\-\-\-\--2050RCP4.5-2.421.933.355.6RCP8.5-4.338.542.963.62070RCP4.5-5.842.951.573.3RCP8.5-7.043.856.880.0

The future model projections map revealed possible expansion in the potential distribution of *P. juliflora* ([Figure 3](#fig3){ref-type="fig"}). South Nation Nationalities and Gambella Regions currently unsuitable for *P. juliflora* colonization but projected to become suitable by 2050 and 2070 ([Figure 3](#fig3){ref-type="fig"}) included northern parts of Amhara and Tigray Regions, parts of several eastern part of Oromia Region and Dire Dawa City Administration. Similar probabilities shifts were also identified in fragmentary regions mostly adjacent to currently suitable areas.Figure 3Future habitat suitability projections for *P. juliflora* by 2050 under RCP4.5 (A) and RCP8.5 (B), and by 2070 under RCP4.5 (C) and RCP8.5 (D) in Ethiopia. Blue to red colours illustrate gradients of habitat suitability from low to high.Figure 3

3.4. Vulnerability assessment {#sec3.4}
-----------------------------

The predicted model indicated that current non suitable habitat for *P. juliflora* would be vulnerable to be invaded by the species. Under future climate conditions, the non suitable habitat area of *P. juliflora* was vulnerable to losses of 2.3% and 4.1% under RCP4.5 and RCP 8.5 climate change scenario, respectively, by 2050. The percentage of vulnerability further increase by 5.5% and 6.5% under RCP4.5 and RCP 8.5 climate change scenario, respectively, by 2070 ([Table 3](#tbl3){ref-type="table"}).Table 3Projected *P. juliflora* suitable class vulnerability in Ethiopia.Table 3DecadesScenariosVulnerability (%) Compared to the current suitabilityNot suitableLowModerateHighCurrent\-\-\-\--2050RCP4.5-2.34.34.02.3RCP8.5-4.19.65.93.32070RCP4.5-5.511.58.55.2RCP8.5-6.511.910.47.5

3.5. Risk of protected areas for *P. juliflora* {#sec3.5}
-----------------------------------------------

According to the current climatic scenario, Awash National Park, Allaidege Wildlife Reserve and community conservation in Somali Regional State were identified as highly invaded by *P. juliflora* (please see SI-Informations.doc SI-Figure 3A). In the future high to moderate establishment and invasion of the species is predicted to occur in Kafta Sheraro National Park in the northern, Gambella National Park in the western, Nech Sar, Omo and Mago National Parks in the south western and Babile Elephant Sanctuary in the eastern part of the country (please see SI-Informations.doc SI-Figure 3B).

4. Discussion {#sec4}
=============

Climate change facilitates and create opportunity for the establishment and spread of invasive species and also reduces the resilience capacity of native species ([@bib21]). Recent studies have concluded that climate change will greatly affect invasive species distributions by causing expansions, shifts, or contractions in the species ranges ([@bib9]; [@bib21]; [@bib45]; [@bib46]) Similarly our ensemble model showed that climate change would significantly influence the establishment and distribution of *P. juliflora* in Ethiopia. The model predicted that there would be a gain in both the highly and moderately suitable habitats in the country particularly in the eastern, northwestern and southwestern part of the country. Under the current climatic condition, our suitability model is in agreement with the current distribution of the species ([@bib31]; [@bib38], [@bib42]; [@bib48]; [@bib50]).

*P. juliflora* is listed among the top ten worst invasive alien species in country ([@bib12]). According to various studies ([@bib16]; [@bib17]; [@bib29]; [@bib37]) the species tends to inhibit regeneration of native species as it suppresses undergrowth. The leaves of *P. juliflora* contain various chemicals such as tannins, flavinoids, steroids, hydro-carbons, waxes and alkaloids which are known to have negative impacts on the germination and growth of other plant species ([@bib16]; [@bib17]; [@bib39], [@bib40], [@bib38]). The species forms intermingled and interwoven branches at its early stage of growth and prevents sunlight reaching to the under canopy vegetation, thereby negatively affects local biodiversity ([@bib39], [@bib40]; [@bib48]). Furthermore, with its deep root system, it survives well in moisture stressed ecosystems over competing other species especially herbaceous species. Invasive species like *P. juliflora* have the inherent ability to tolerate wider environmental ranges or adapt to new environmental conditions ([@bib27]; [@bib33]; [@bib47]). This means that in the long run the inherent characteristic attributed by the species and lack of their native competitors may experience a process of niche shift in new regions. Our prediction model has revealed that the area of high and moderate suitability for *P. juliflora* in future climate scenarios will increase relative to the current area. Within this context, further expansion *P. juliflora* might cause loss of biodiversity and reduce the cover of native herbaceous vegetation, which can further frustrate and affect pastoralist and agro-pastoralist livelihoods and societal well-being in Ethiopia in particular and in Africa in general. This is because climate change often favors invasive species as environmental conditions worsen for native species undermining their competitive power against invaders in ecosystem resources ([@bib21]).

Most rangelands in Africa are located in arid and semi-arid ecosystem of the continent where *P. juliflora* has already invaded and will invade in the future as was predicted by the models of this study ([@bib23]; [@bib29]; [@bib37]; [@bib42]). *P. juliflora* has been aggressively invading rangelands in many parts of Ethiopia particularly the Middle and Upper Awash Valley, Western and Eastern Harerge zones, and Afar and Somali regions ([@bib12]). It has been documented that *P. juliflora* was one of factors threatening biodiversity and ecosystems in Eastern and Southern low lands of Ethiopia ([@bib12]; [@bib39], [@bib40]). This invasive alien species has been replacing more nutritive browsing vegetation, reducing the overall biodiversity of the areas; reducing the carrying capacities of rangelands, increasing incidence of crop pests and causing health problems (damaging eyes and hooves) of both domestic and wild animals, eventually leading to deaths ([@bib26]). It was documented that invasion by *P. juliflora* have resulted in the loss of high quality and palatable plants in the Afar rangelands ([@bib12]). The results of our study suggested that there would be a gain in both the highly and moderately suitable habitats particularly in the northern, north eastern and eastern pastoral areas of Ethiopia by the year 2050 and 2070. In the currently study we showed that climate change is strongly associated with the distribution of *P juliflora* in Ethiopia. Climate change is expected to become the major driver for the invasion of *P juliflora* and the loss of native species particularly grasses and herbaceous species in the future in synergy with the existing challenges and to contribute to the ongoing decline of grazing land in Ethiopia and other African countries at large. Range expansion of invasive species in the future can significantly reducing herd size due to reduced and impoverished watering and grazing points, and might be the major challenge the future of pastoralism and their livelihoods. It thus becomes imperative for stakeholders including but not limited to; scientific community, policy makers, land resource managers and other actors to refrain from the usual piecemeal approach and work together to develop efficient management strategies in order to prevent the expansion and also control and manage this invasive species in the country to reduce its negative impact on pastoral livelihood.

The invasion by *P. juliflora* reduced grass availability (feed availability) and carrying capacity of rangelands leading to overgrazing and land degradation ([@bib26]; [@bib39], [@bib40]). Sources of conflicts among different ethnic groups in pastoral areas include shortage of grazing land or need to access seasonally available forage and water. Expansion of *P. juliflora* directly contributes to such conflicts as it has been reducing area coverage and availability of rangelands ([@bib42]). According to the perception of many pastoralists, livestock are everything for them (sources of food, income, security, social status, cultural value, insurance, etc.) and therefore, there are willing to pay any sacrifices to get forage and water for these animals ([@bib5]). This issue goes beyond biodiversity and economic reasons and has peace and security elements calling for integrated and coordinated actions at Federal and Regional levels to eradicating or minimizing the negative impacts of *P. juliflora* on pastoral production system ([@bib36]). According to [@bib25], the entire settlement farm was out of production and covered *P. juliflora* in Afar resulting in conversion of former rangeland into a land that was used for neither crop cultivation nor for livestock production. [@bib18] reported that there was statistically significant negative effect of invasion by *P. juliflora* on the income from livestock and their products sale in Dire Dawa, Ethiopia. Invasion by this alien species might lead to decreased productivity of both crop and livestock which has direct implications for the worsening the livelihoods of the pastoralists.

5. Conclusion {#sec5}
=============

Our result showed that *P. juliflora* is predicted to expand its distribution in different parts of the country. The continuous ranges expansion of the species has already caused adverse effects on biodiversity, ecosystem services and economy. The livelihood of many pastoralists in Africa in general and Ethiopia in particular depends on natural resources and associated ecosystem services for their survival. Our result showed that *P. juliflora* is predicted to expand aggressively to many drylands of parts of Ethiopia including covering significant lands in Afar, Oromia, Southern, Dire Dawa, Somalia, Amhara, Tigray and Gambella decreasing agricultural productivity and threatening local biodiversity. The current status and potential future increases in *P. juliflora* distribution and abundance in Ethiopia in particular and Africa in general call for coordinated and large scale interventions. Moreover, the results of the study will support management and early detection of invasive species in their potentially habitat suitable niches. Based on our study, we advise collaboration among different stakeholders for early identification and eradication actions at national level to design and implement comprehensive management strategies for *P. juliflora* that would eradicate or minimize the negative impacts.
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